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VEHICLE CONTROLAPPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a vehicle control appa 
ratus which controls a vehicle on the basis of map data or 
information provided from outside the vehicle so that the 
vehicle can Safely pass a curve forward thereof. 

2. Description of Relevant Art 
In the field of Such vehicle control apparatus, Japanese 

Patent Applicaiton Laid-Open No. 5-141979 discloses a 
known apparatus which presumes a radius of curvature of a 
curve of a road by calculating the radius of an arc which 
passes through three nodes, compares a maximum passable 
Speed of a vehicle calculated based on the radius of curva 
ture of the curve with a predicted passing Speed of the 
vehicle calculated based on a current vehicle Speed, and, if 
the predicted passing Speed is not greater than the maximum 
passable Speed, determines that the vehicle can Safely pass 
the curve. 

However, owing to an error in the map data, repair of the 
road or the like, a road Shape determined from map data and 
an actual road shape occasionally do not coincide with each 
other, as shown in FIG. 15A. In this case, if vehicle control 
Such as automatic deceleration is executed on the basis of the 
presumed road shape which is different from the actual one, 
a driver will have an uneasy feeling of improper control. 
Otherwise, owing to an error in the detection of a vehicle 
position on a map, a detected vehicle position and an actual 
vehicle position occasionally do not coincide with each 
other, as shown in FIG. 15B. In this case as well, if vehicle 
control Such as automatic deceleration is executed on the 
basis of the presumed vehicle position different from the 
actual one, a driver will, again, have an uneasy feeling of 
improper control. 

SUMMARY OF THE INVENTION 

The present invention has been made in view of the 
above-described limitations and disadvantages of the known 
Systems, and an object of the present invention is to com 
pensate for an error in road data or an error in a vehicle 
position and execute appropriate vehicle control. 
To achieve the above object, there is provided according 

to a first aspect of the invention a vehicle control apparatus 
comprising map information output means for outputting 
map information containing road data, Vehicle position 
detecting means for detecting a vehicle position on a map, 
vehicle Speed detecting means for detecting a vehicle Speed, 
vehicle control means for controlling a vehicle based on the 
road data on a road forward of the vehicle position and the 
vehicle Speed, running-state detecting means for detecting a 
running State of the vehicle, and regulating means for 
regulating at least one of a controlled variable and a control 
timing of the vehicle control means based on the detected 
running State of the vehicle. 

In accordance with the above construction, in controlling 
the vehicle on the basis of the road data on the road forward 
of the vehicle position and the vehicle Speed, at least one of 
the controlled variable and the control timing of the vehicle 
control means is regulated on the basis of the detected 
running State of the vehicle. Accordingly, any error in the 
road data and/or any error in the vehicle position are 
compensated for So that appropriate vehicle control may be 
executed, thereby making it possible to reduce the occur 
rence of uneasy feelings of improper control experienced by 
a driver. 
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2 
According to a Second aspect of the invention there is 

provided a vehicle control apparatus comprising map infor 
mation output means for Outputting map information con 
taining road data, vehicle position detecting means for 
detecting a vehicle position on a map, vehicle Speed detect 
ing means for detecting a vehicle Speed, vehicle control 
means for controlling a vehicle based on the road data on a 
road forward of the vehicle position and the detected vehicle 
Speed, image pickup means for picking up an image of the 
road forward of the vehicle, road Shape detecting means for 
detecting a road shape based on the image of the road, and 
regulating means for regulating at least one of a controlled 
variable and a control timing of the vehicle control means 
based on the detected road shape. 

In accordance with the above construction, in controlling 
the vehicle on the basis of the road data on the road forward 
of the vehicle position and the vehicle Speed, at least one of 
the controlled variable and the control timing of the vehicle 
control means is regulated on the basis of the detected road 
shape. Accordingly, any error in the road data and/or any 
error in the vehicle position are compensated for to execute 
appropriate vehicle control, thereby making it possible to 
reduce the occurrence of uneasy feelings of improper control 
experienced by a driver. 

According to a third aspect of the invention there is 
provided a vehicle control apparatus comprising map infor 
mation output means for Outputting map information con 
taining road data, vehicle position detecting means for 
detecting a vehicle position on a map, vehicle Speed detect 
ing means for detecting a vehicle Speed, vehicle control 
means for controlling a vehicle based on the road data on a 
road forward of the vehicle position and the detected vehicle 
Speed, receiving means for receiving information on a road 
shape, which information is provided from outside the 
vehicle, and regulating means for regulating at least one of 
a controlled variable and a control timing of the vehicle 
control means based on the received information on the road 
shape. 

In accordance with the above construction, in controlling 
the vehicle on the basis of the road data on the road forward 
of the vehicle position and the vehicle Speed, at least one of 
the controlled variable and the control timing of the vehicle 
control means is regulated on the basis of the received 
information on the road shape. Accordingly, any error in the 
road data and/or any error in the vehicle position are 
compensated for to execute appropriate vehicle control, 
thereby making it possible to reduce the occurrence of 
uneasy feelings of improper control experienced by a driver. 

According to a fourth aspect of the invention there is 
provided a vehicle control apparatus comprising, receiving 
means for receiving information on a road Shape, which 
information is provided from outside a vehicle, vehicle 
Speed detecting means for detecting a vehicle Speed, vehicle 
control means for controlling the vehicle based on the 
received information and the detected vehicle Speed, 
running-State detecting means for detecting a running State 
of the vehicle, and regulating means for regulating at least 
one of a controlled variable and a control timing of the 
vehicle control means based on the detected running State of 
the vehicle. 

In accordance with the above construction, in controlling 
the vehicle on the basis of the vehicle speed and the 
information on the road shape which information is provided 
from outside the vehicle, at least one of the controlled 
variable and the control timing of the vehicle control means 
is regulated on the basis of the detected running State of the 
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vehicle. Accordingly, any error in the road data and/or any 
error in the vehicle position are compensated for to execute 
appropriate vehicle control, thereby making it possible to 
reduce the occurrence of uneasy feelings of improper control 
experienced by a driver. 

According to a fifth aspect of the invention there is 
provided a vehicle control apparatus comprising receiving 
means for receiving information on a road Shape, which 
information is provided from outside a vehicle, vehicle 
Speed detecting means for detecting a vehicle Speed, vehicle 
control means for controlling the vehicle based on the 
received information and the detected vehicle Speed, image 
pickup means for picking up an image of a road forward of 
the vehicle, road shape detecting means for detecting a road 
shape based on the image of the road, and regulating means 
for regulating at least one of a controlled variable and a 
control timing of the vehicle control means based on the 
detected road shape. 

In accordance with the above construction, in controlling 
the vehicle on the basis of the vehicle speed and information 
on the road shape, which information is provided from 
outside the vehicle, at least one of the controlled variable 
and/or the control timing of the vehicle control means is 
regulated on the basis of the detected road shape. 
Accordingly, any error in the road data and/or any error in 
the vehicle position are compensated for to execute appro 
priate vehicle control, thereby making it possible to reduce 
the occurrence of uneasy feelings of improper control expe 
rienced by a driver. 

Other objects, advantages and Salient features of the 
invention will become apparent from the following detailed 
description which, in conjunction with the annexed draw 
ings discloses the preferred embodiments of the present 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing the entire configuration 
of the apparatus according to a preferred embodiment of the 
present invention. 

FIG. 2 is an explanatory view of the function of a curve 
interval decision means and that of a passage-State decision 
quantity calculating means in the apparatus of FIG. 1. 

FIG. 3 is an explanatory view of a pre-read interval and 
an examination interval used by apparatus of FIG. 1. 

FIG. 4 is a first segmentary view of a flowchart showing 
control operation of the apparatus of FIG. 1. 

FIG. 5 is a second segmentary view of the flowchart. 
FIG. 6 is a third segmentary view of the flowchart. 
FIG. 7 is an explanatory view of a link length l and an 

interSection angle 0 used in the control operation. 
FIGS. 8A and 8B are explanatory views of Step S5 of the 

flowchart. 

FIGS. 9A, 9B and 9C are explanatory views of a defini 
tion of a passage-State decision quantity 0/LA. 

FIGS. 10A and 10B are explanatory views of Step S13 of 
the flowchart. 

FIGS. 11A and 11B are views showing maps for retrieving 
correction coefficients K and Ks. 

FIG. 12 is a flowchart similar to FIG. 6, showing the 
second preferred embodiment of the invention. 

FIG. 13 is a flowchart similar to FIG. 6, showing the third 
preferred embodiment of the invention. 

FIG. 14 is a block diagram similar to FIG. 1, but showing 
the fifth and sixth preferred embodiments of the invention. 
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4 
FIGS. 15A and 15B are explanatory views of problems of 

known vehicle control apparatus. 
DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

A mode of the present invention will now be described by 
way of presently preferred embodiments of the invention 
shown in the accompanying drawings. 

FIGS. 1 to 11 illustrate a first preferred embodiment of the 
present invention, wherein FIG. 1 is a block diagram show 
ing the entire configuration of an apparatus according to a 
preferred embodiment of the present invention; FIG. 2 is an 
explanatory view of the function of curve interval decision 
means and that of passage-State decision quantity calculating 
means of the apparatus, FIG. 3 is an explanatory view of a 
pre-read interval and an examination interval, FIG. 4 is a 
first Segmentary view of a flowchart of control operation of 
the apparatus, FIG. 5 is a Second Segmentary view of the 
flowchart; FIG. 6 is a third segmentary view of the flow 
chart, FIG. 7 is an explanatory view of a link length land 
an intersection angle 0, FIGS. 8A and 8B are explanatory 
views of Step S5 of the flowchart; FIGS. 9A, 9B and 9C are 
explanatory views of a definition of a passage-State decision 
quantity 0/L, FIGS. 10A and 10B are explanatory views 
of Step S13 of the flowchart; and FIGS. 11A and 11B are 
ViewS showing maps for retrieving correction coefficients 
Kc and Ks. 
AS shown in FIG. 1, a vehicle control apparatus according 

to the embodiment includes map information output means 
M1, vehicle position detecting means M2, curve interval 
decision means M3, passage-State decision quantity calcu 
lating means M4, maximum passable Speed calculating 
means M5, vehicle speed detecting means M6, predicted 
passing Speed calculating means M7, passage-possible/ 
impossible decision means M8, vehicle control means M9, 
running-State detecting means M10, regulating means M11, 
image pickup means M12, road shape detecting means M13, 
and receiving means M14. 
The map information output means M1 and the vehicle 

position detecting means M2 are incorporated in a well 
known automobile navigation System. The map information 
output means M1 reads out and outputs road data for a 
predetermined area which is previously Stored in an IC card, 
a CD-ROM, a rewritable MO (magneto-optical disk) or the 
like, and the vehicle position detecting means M2 Superim 
poses vehicle position data received at a GPS antenna onto 
the road data and detects a vehicle position P on a map. The 
road data is composed of the coordinates of a multiplicity of 
nodes N which are set on roads at predetermined intervals. 
As is apparent from FIG.2 together with FIG. 1, the curve 

interval decision means M3 which constitutes first decision 
means determines whether a node N forward of the vehicle 
position P is present on a curve or a Straight road based on 
the road data and the vehicle position P. The passage-State 
decision quantity calculating means M4 includes Second 
decision means M4, third decision means M4, fourth 
decision means M4s, first correction means M4 and Second 
correction means M4s (the contents will be described in 
detail later), and calculates a passage-State decision quantity 
0/L which is an indeX for determining whether the vehicle 
can Safely pass the curve. 
The maximum passable Speed calculating means M5 

calculates a maximum passable speed V, which is a 
maximum vehicle Speed at which the vehicle can Safely pass 
the node N, on the basis of the passage-State decision 
quantity 0/LA and a preset limit transverse acceleration 
Gi (or a set limit yaw rate YR ma). 
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The vehicle Speed detecting means M6 detects a current 
vehicle speed V of the vehicle on the basis of the output of 
a wheel Speed Sensor provided at each wheel. The predicted 
passing Speed calculating means M7 calculates a predicted 
passing Speed V at which the vehicle passes the node Ny. 
on the basis of the vehicle speed V, the vehicle position Pand 
a preset reference deceleration B for the vehicle. The 
passage-possible/impossible decision means M8 compares 
the predicted passing Speed Vy with the maximum passable 
Speed V, and, if Vys V, determines that the Vehicle 
can pass the node Ny. If VAZ-V, the passage-possible/ 
impossible decision means M8 determines that the vehicle 
cannot easily pass the node N, and operates the vehicle 
control means M9. The vehicle control means M9 includes 
warning means M9a for warning a driver to carry out a 
deceleration operation or a steering operation, by means of 
a buzzer or a lamp, automatic deceleration means M9b for 
decelerating the vehicle Speed by operating brakes or low 
ering an engine output, and automatic Steering means M9c 
for generating a Steering assisting force along a curve by 
operating a power Steering device or the like. 

The running-State detecting means M10 includes a trans 
verse acceleration Sensor M10a for detecting a transverse 
acceleration G of the vehicle and/or a yaw rate sensor M10b 
for detecting a yaw rate YR of the vehicle. The transverse 
acceleration sensor M10a is used in the first preferred 
embodiment of the invention, while the yaw rate sensor 
M10b is used in a second preferred embodiment of the 
invention. The regulating means M11 compares the passage 
State decision quantity calculated by the passage-State deci 
Sion quantity calculating means M4 with the running State of 
the vehicle detected by the running-state detecting means 
M10, and regulates the controlled variable and the control 
timing of the vehicle control means M9. 

The image pickup means M12 includes a television 
camera or the like, and recognizes as images white lines on 
a road, guard rails, traffic Signs and the like. The road shape 
detecting means M13 detects a directional change quantity 
(Such as a radius of curvature, an entrance or an exit of the 
road, etc.) which represents the State of an actual curve of the 
road, on the basis of the output of the image pickup means 
M12, and regulates the controlled variable and the control 
timing of the vehicle control means M9 via the regulating 
means M11. The image pickup means M12 and the road 
shape detecting means M13 are used in a third preferred 
embodiment of the invention. 

The receiving means M14 detects a directional change 
quantity which represents the State of an actual curve of the 
road, by receiving a radio wave or an optical wave from a 
beacon or the like installed in the vicinity of the road, or a 
magnetic signal from a magnetic Signal device. The receiv 
ing means M14 is used in a fourth preferred embodiment of 
the invention. 
AS shown in FIG. 3, a pre-read interval and an examina 

tion interval are set forward of the vehicle position Palong 
a road. The pre-read interval is set between the vehicle 
position P and a node N for which a determination is to be 
made whether the vehicle can Safely pass the node. A 
predetermined time t is ensured before the vehicle reaches 
the node Ny after having passed through the pre-read 
interval, and within the predetermined time t, it is deter 
mined 4 whether the vehicle can safely pass the node, and 
if necessary the vehicle control means M9 is operated. As to 
each node Ny present within the examination interval, 
whether the vehicle can pass the node N is individually, 
Successively determined, whereby it is possible to avoid an 
unnecessary decision as to whether the vehicle can pass too 
distant a node Ny. 
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The pre-read interval is determined by a distance Vt-(Bt/ 

2) to be travelled by the vehicle within the predetermined 
time t, on the basis of the preset reference deceleration B 
which is presumed to be produced by braking if it is assumed 
that the driver voluntarily starts the braking at the vehicle 
position P in order to pass a curve ahead of the vehicle. The 
Starting point of the examination interval is set to the 
terminating end of the pre-read interval, and the terminating 
end of the examination interval is Set to a Stop position of the 
vehicle which decelerates at the reference deceleration B, 
i.e., a position ahead of the vehicle position P by a distance 
V2/2B. 
A regulating-means operation permitting position is Set to 

a position which is a distance D short of a node N for which 
a determination of the passability thereof is to be made. At 
any position short of the regulating-means operation per 
mitting position, the operation of the regulating means M11 
is not permitted with respect to the node Ny for which a 
determination of the passability thereof is to be made, and 
after the vehicle has reached the regulating-means operation 
permitting position, the operation of the regulating means 
M11 is controlled according to an actual running State of the 
vehicle detected by the running-state detecting means M10 
or the State of the actual curvature of the road, the image of 
which has been picked up by the image pickup means M12. 

The operation of the first embodiment will now be 
described with reference to the flowchart shown in FIGS. 4 
through 6. Incidentally, for this embodiment of the 
invention, in the running-State detecting means M10 shown 
in FIG. 1, the transverse acceleration sensor M10a is used, 
but none of the yaw rate sensor M10b, the image pickup 
means M12, the road shape detecting means M13 and the 
receiving means M14 is used. 

First, in Step Si, coordinates of a plurality of nodes Ny 
(N=N1, N, N. . . . ) lying within the examination interval 
are read in, and in Step S2, a link length ly and an 
intersection angle 0 at each of the nodes N are read in. AS 
shown in FIG. 7, the link length l is defined as a distance 
between adjacent node N and N, and the intersection 
angle 0 is defined as an angle made by a particular link 
N N and a link N N which lies immediately 
forward thereof. The link lengthly and the interSection angle 
0 can be geometrically calculated because the positions of 
the nodes N are given as their coordinates. 

Then, the curve interval decision means (first decision 
means) M3 shown in FIG. 2 determines whether the node 
N is present on a curve or a Straight road. This decision is 
made in the following manner. In Step S3, 0/1 at each node 
N is calculated, and this 0/1 is compared with a preset 
first decision reference Value (prfr. If 0/ly 2 (prict, it is 
determined that the node N is present on a curve, and the 
process proceeds to Step S5. 0/ly corresponds to the 
azimuth angle change quantity of the vehicle relative to the 
travel distance of the vehicle, and 0/1 having a large value 
indicates that the road is curved, whereas 0/ly having a 
Small value indicates that the road is a Straight road. 

If it is determined in Step S3 that 0/ly-qp, the inter 
Section angle 0 is compared with a Second decision refer 
ence Value 0, in Step S4. If 0A2 (pic, i.e., the interSection 
angle 0 itself is not less than the Second decision reference 
value 0, it is determined that the road is curved, and the 
process proceeds to Step S5. On the other hand, if it is 
determined in Step S3 that 0/1-p, and it is determined 
in Step S4 that 0<0, it is determined in Step S15 that the 
road is a Straight road. Incidentally, if the road is a Straight 
road, the passage-State decision quantity 0/Lay to be 
described later is Set to Zero. 
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If, in the curve interval decision means (first decision 
means) M3, it is determined that the node N is present on 
the curve, the Second decision means M4 determines 
whether two Successive nodes N and N are present on 
the same curve. The decision by the Second decision means 
M4 is performed in the follow manner. In Step S5, the link 
length ly between the nodes N and N is compared with 
a third decision reference Value law. If lyslaw, it is 
determined that the nodes N and N are present on the 
Same curve, and the process proceeds to Step S6. If 
1>1, it is determined that the nodes NA and NA are 
not present on the same curve, and the process proceeds to 
Step 

The meaning of Step S5 will be described with reference 
to FIGS. 8A and 8B. FIG. 8A shows a representative 
example of a general curve, and shows the State in which 
three nodes N, N and Ny are equidistantly Spaced 
apart from each other on the same arc centered about O. 
Since the intersection angle 0 at the node N is equal to the 
central angle of the arc ZN 0N, the link length ly 
between the nodes N and N is given as: 

where d is a “Zag' between the nodes N and Ny. 
The “Zag' d is a value which serves as a reference for 

Setting the distance between adjacent nodes N (i.e., the link 
length 1) when map data on a road is to be created, and the 
shape of the road is represented by a minimum number of 
nodes N in Such a way that the positions of the respective 
nodes N are Set So that the “Zag' d becomes equal to or 
Smaller than a predetermined value (e.g., 3.5 m to 6 m). 
Accordingly, for a sharp curve, the link length ly between 
the adjacent nodes N becomes Small and the nodes N are 
densely disposed, whereas for a gentle curve, the link length 
ly between the adjacent nodes N becomes large and the 
nodes N are coarsely disposed. 

Thus, the third decision reference value 1 is defined as 
a maximum link length as follows: 

and in Step S5, if lysly is Satisfied, it is determined that 
the nodes N and N are present on the same curve, 
whereas if lysly is not satisfied, it is determined that the 
nodes N and N are present on different curves (refer to 
FIG. 8B). 

If, in the Second decision means M4, it is determined that 
the nodes N and N are present on the Same curve, 
passage-State decision quantities 61/L. . . . 0/Lay of n nodes 
N. . . . Ny which are present on the same curve are 
determined in Step S6 by the third decision means M4 in 
the following manner. Regarding the first (N-1) nodes N to 
NA-1, their passage-State decision quantities 0</L (K=1 to 
N-1) are determined as: 

6k/Like-6-flk (3) 

Then, the passage-State decision quantity 0/L at the last 
N-th node N is determined as: 

6v/Lys-6 v? (a shorter value of liv 1 or law), (4) 

where lay is ly-2d/tan(0/4) defined in the above 
equation (2). 

Specifically, as shown in FIG.9A, if two nodes N and N. 
are Successively present on the same curve, the passage-State 
decision quantity 0/L at the first node N is determined as 
0/1 and the passage-State decision quantity 0/L at the 
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Second (last) node N is determined as 0/(a shorter value of 
1 or 1). As shown in FIG.9B, if three nodes N, N and 
N are Successively present on the same curve, the passage 
State decision quantities 0/L and 0/L at the first and 
Second nodes N and N are respectively determined as 0/1 
and 0/1 and the passage-State decision quantity 0/L at the 
third (last) node N is determined as 0/(a shorter value of 
12 or 1,nas). 

Incidentally, the last node N of the plurality of nodes N. 
... which are Successively present on the same curve can be 
determined as a node Ny which indicates that the answer in 
Step S5 has changed from YES to NO. 

Then, in Step S7, the direction of the intersection angle 0. 
at the node N is compared with the direction of an 
interSection angle 0 at the node Ny. If both directions 
are the same, it is determined in Step S8 that the two nodes 
Ny and N are present on a simple curve (a curve whose 
bending direction is constant). If Such directions are oppo 
site to each other, it is determined in Step S9 that the two 
nodes Ny and Ny are present on an S-shaped curve (a 
curve whose bending direction changes from right to left or 
from left to right). 
On the other hand, if it is determined in the second 

decision means M4 (step S5) that the two nodes N and 
NA are not present on the same curve, the passage-State 
decision quantity 0/L at the node Ny which is indepen 
dently present on the Same curve is determined as follows in 
Step S10 by the third decision means M4 (refer to FIG.9C): 

Then, in Step S11, a fourth decision reference value 
lS is calculated by using L and Ly of the above 
equation (5) as follows: 

lnayNS-LN+LN 1 (6) 

The meaning of the fourth decision reference value lS 
will be described later. 

Then, in Step S12, the direction of the intersection angle 
0 at the node N is compared with the direction of an 
interSection angle 0 at the node Ny. If both directions 
are the same, it is determined in Step S14 that the two nodes 
Ny and N are present on two different curves (which 
bend in the same direction). 
On the other hand, if it is determined in Step S12 that the 

directions of the interSection angles 0 and 0 are opposite 
to each other, the link length l is compared with the fourth 
decision reference Value lS in Step S13. If lyslys, 
it is determined in Step S13 that the two nodes N and N. 
are present on the S-shaped curve, whereas if ly>1S, it 
is determined in Step S14 that the two nodes Ny are 
present on two different curves (which bend in the opposite 
directions). 
The meaning of Step S13 is as follows. If it is assumed 

that, as shown in FIG. 10A, the node N is present on the 
first curve of an S-shaped curve consisting of two continu 
ouS arcs curved in opposite directions and the Second node 
N is present on the Second curve of the S-shaped curve, 
the passage-State decision quantity 0/L required for the 
vehicle to pass the node N and a passage-State decision 
quantity 0/L required for the Vehicle to pass the node 
Nay become Ov/ly and 01/11, respectively, from 
the above equation (5). Accordingly, as shown in FIG. 10B, 
if the first curve is directly continuously followed by the 
Second curve to form an S-shaped curve, the link length ly 
between the nodes N and N is to be not greater than 
law-lay-law.S. Contrarily, if the link length ly 
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between the nodes Nav and Navi exceeds law-Fly 
1S, the first curve and the Second curve are to be 
Successive different curves Separated from each other by a 
Straight line. 

In the above-described manner, the state of the node Ny 
on the curve is classified as any one of five kinds in any one 
of the above-described steps S8, S9, S13, S14 and S15, and 
in the following Step S16, the passage-State decision quan 
tity 0/L calculated in Step S6 or S10 is corrected by the 
first correction means M4 and the Second correction means 
M4s. 

First, a correction to be carried out by the first correction 
means M4 when a plurality of nodes Ny are present on a 
simple curve (refer to Step S8) will be described. In this 
case, the passage-State decision quantity 0/Lay is calculated 
in Step S6, but even if the value of the calculated passage 
State decision quantity 0/L is the same for a plurality of 
the nodes, as the total of the interSection angles 0 on that 
curve becomes larger, it becomes more difficult for the 
vehicle to pass the curve. The reason for this will be 
understood from the fact that it is more difficult for the 
vehicle to pass a curve for which the vehicle needs to change 
its travelling direction by 90 than a curve for which the 
vehicle needs to change its travelling direction by 30, even 
if both curves have the same radius of curvature. 
Accordingly, as shown in FIG. 11A, the Summation X.0 of 
the interSection angles 0 at the plurality of nodes Ny 
present on the curve is calculated, and a correction coeffi 
cient K is retrieved from a map by using this X0 as a 
parameter. Then, the correction coefficient K, is used to 
correct the passage-State decision quantity 0/L by the 
following expression: 

Since the correction coefficient K, increases from 0 to 0.5 
with an increase in the Summation X0 of the interSection 
angles 0, the corrected passage-State decision quantity 
0/L becomes a maximum of 1.5 times as large as the 
original passage-State decision quantity 0/L. Therefore, 
the value of the passage-State decision quantity 0/L can be 
made a value which corresponds to the level of difficulty 
which the vehicle is to encounter in actually passing the 
CWC. 

A correction to be carried out by the Second correction 
means M4s when two nodes N and N are present on an 
S-shaped curve (refer to Steps S9 and S13) will be 
described. In this case, the passage-State decision quantity 
0/L is calculated in Step S6 or S10, but even if the value 
of the calculated passage-State decision quantity 0/L is the 
Same, it is more difficult for the vehicle to pass an S-shaped 
curve than a curve which bends in one direction. 
Accordingly, as shown in FIG. 11B, the Sum 0+0 of 
the absolute values of the intersection angles 0 and 0 at 
the two nodes N and N is calculated as a parameter and 
a correction coefficient Ks is retrieved from a map. Then, the 
correction coefficient Ks is used to correct the passage-State 
decision quantity 0/L by the following expression: 

Since the correction coefficient KS increases from 0 to 1.0 
with an increase in the Sum |0+0, of the absolute values 
of the intersection angles 0 and 0, the corrected 
passage-State decision quantity 0/LA becomes a maximum 
of 2.0 times as large as the original passage-State decision 
quantity 0/L. Therefore, the value of the passage-State 
decision quantity 0/L can be made a value which corre 
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sponds to the level of difficulty which the vehicle is to 
encounter in actually passing the curve. 

Incidentally, the yaw rate YR of the vehicle at the node Ny 
is given as 0/t which is obtained by dividing the interSec 
tion angle 0 which is the quantity of a change in the 
travelling direction of the vehicle by a time t required for the 
intersection angle 0 to occur. Since the time t is given as 
l/V which is obtained by dividing the link length 1 by the 
vehicle speed V of the vehicle which passes the link length 
ly, the yaw rate YR is finally calculated as the product of the 
passage-State decision quantity 0/L and the vehicle Speed 
V. 

On the other hand, the transverse acceleration G of the 
vehicle is given as the product of the yaw rate YR and the 
vehicle speed V. 

G=YRXV (10) 

Thus, in Step S17, the following equation is calculated 
from the above equations (9) and (10): 

The above equation (11) shows that if a set limit transverse 
acceleration G, which is allowable when the vehicle is 
passing the curve is determined, the maximum passable 
Speed V, at which the vehicle passes the curve can be 
obtained on the basis of the Set limit transverse acceleration 
G, and the passage-State decision quantity 0/L. The 
maximum passable Speed V, is a maximum vehicle 
Speed at which the vehicle can pass the curve in Such a 
manner that the transverse acceleration of the vehicle does 
not exceed the Set limit transverse acceleration G. 

Then, in Step S18, the predicted passing Speed Vy at 
which the vehicle passes the node N if the vehicle is 
assumed to start decelerating at the reference deceleration f3 
from the vehicle position P is calculated from: 

where S is the distance from the vehicle position P to the 
node Ny. 

Then, in Step S19, the predicted passing Speed Vy is 
compared with the maximum passable Speed V, and if 
Vys V, it is determined that the vehicle can Safely pass 
the node N, whereas if V.Z.V., it is determined that the 
vehicle cannot easily pass the node N. If the vehicle cannot 
easily pass the node N, according to the determination of 
Step S20, the warning means M9a, the automatic decelera 
tion means M9b and/or the automatic steering means M9c of 
the vehicle control means M9 is operated. Thus, voluntary 
braking by the driver, automatic deceleration and/or auto 
matic Steering is carried out So that the vehicle can positively 
and safely pass the curve. 

Then, in Step S21, the actual transverse acceleration G of 
the vehicle is detected by the transverse acceleration Sensor 
M10a of the running-state detecting means M10, and in Step 
S22, a reference transverse acceleration Go is calculated on 
the basis of the Set limit transverse acceleration G, to be 
used for calculating the maximum passable Speed Vy. 
Before the vehicle reaches a regulating-means operation 
permitting position in the pre-read interval (refer to FIG. 3), 
the vehicle control means M9 operates on the basis of the 
result obtained by comparing the predicted passing Speed Vy 
with the maximum passable speed Van in Step S19, whereby 
the operation of regulating means M11 is inhibited. In Step 
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S23, when the vehicle reaches the regulating-means opera 
tion permitting position (refer to FIG.3), the operation of the 
regulating means M11 is inhibited on the basis of the actual 
transverse acceleration G and the reference transverse accel 
eration Go. 

Specifically, in Step S24, an integral value f(G of the 
actual transverse acceleration G is compared with an integral 
value foo of the reference transverse acceleration Go, and if 
f(G<fGo, the process returns to Step S19 without operating 
the regulating means M11. If it is determined in Step S24 
that f(GefGo, the process proceeds to Step S25, in which the 
actual transverse acceleration G is compared with the ref 
erence transverse acceleration Go and if G2Go, the proceSS 
proceeds to Step S26. In Step S26, a differential value dG/dt 
of the actual transverse acceleration G is compared with a 
differential value dG/dt of the reference transverse accel 
eration Go, and if dG/dtedG/dt, it is determined that it is 
difficult for the vehicle to pass the curve, and in Step S27, 
the operation of the vehicle control means M9 is forcedly 
continued. The forced operation of the vehicle control means 
M9 is continued until dG/dt<dG/dt is reached in Step S26. 
If dG/dt<dG/dt from the beginning in Step S26, it is 
determined that the vehicle can pass the curve with only a 
normal operation of the vehicle control means M9, and the 
process returns to Step S19. 

If G-Go in Step S25 and dG/dts dG/dt in Step S28, it is 
determined that the normal operation of the vehicle control 
means M9 provides excessive control, and in Step S29, the 
operation of the vehicle control means M9 is inhibited or 
Stopped. The inhibition or Stoppage of the operation of the 
vehicle control means M9 is continued until dG/dtddG/dt is 
reached in Step S28. If dG/dtddG/dt from the beginning in 
Step S28, it is determined that even if the vehicle control 
means M9 is normally operated, there is no likelihood that 
excessive control is performed, and the proceSS returns to 
Step S19. 
As described above, if it is determined in steps S3 and S4 

that the node N is present on a curve, the passage-State 
decision quantity 0/L at the node Ny present on the curve 
is specifically calculated. Accordingly, computational load is 
reduced by avoiding calculating the passage-State decision 
quantity 0/L which is not necessary for the vehicle which 
is running on a Straight road, whereby it is possible to reduce 
the size of an electronic control unit. In addition, the 
passage-State decision quantity Oy/Lay which is a parameter 
which appropriately represents the level of difficulty which 
the vehicle is to encounter in passing the node is used to 
determine whether the vehicle can pass the curve, whereby 
even if only one or two nodes N are present on a curve, it 
is possible to accurately determine whether the vehicle can 
pass the curve. 

Furthermore, the actual running State (the actual trans 
verse acceleration G) of the vehicle which is detected by the 
running-State detecting means M10 is compared with the 
reference transverse acceleration Go which is presumed to 
occur on the curve on the basis of the curve shape detected 
by the passage-State decision quantity calculating means 
M4, and the controlled variable or the regulating timing of 
the vehicle control means M9 is changed on the basis of the 
result of Such comparison. Accordingly, the driver is pre 
vented from experiencing uneasy feelings due to excessive 
or insufficient control by the vehicle control means M9. 

The second embodiment of the present invention will be 
described below with reference to FIG. 12. 

Although in the first embodiment the transverse accelera 
tion Sensor M10a is used as the running-state detecting 
means M10, the second embodiment uses the yaw rate 
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sensor M10b instead of the transverse acceleration sensor 
M10a. In Steps S21' to S26' and S28 of the flowchart shown 
in FIG. 12, the actual yaw rate YR and a reference yaw rate 
YR are Substituted for the actual transverse acceleration G 
and the reference transverse acceleration Go which are used 
in Steps S21 to S26 and S28 of FIG. 6, but the other steps 
are the same in the both flowcharts. The reference yaw rate 
YR is a yaw rate calculated on the basis of the set limit yaw 
rate YR, which is used for the calculation of the maximum 
passable Speed V, in the maximum passable Speed 
calculating means M5. 

Thus, even with the second embodiment, it is possible to 
obtain advantages and effects identical to those of the first 
embodiment. 
The third embodiment of the present invention will be 

described below-with reference to FIG. 13. 
In the third embodiment, the image pickup means M12 

and the road shape detecting means M13 are used instead of 
the running-state detecting means M10 used in the first and 
second embodiments. The road shape detecting means M13 
detects an actual curve shape of a road on the basis of an 
image of a white line on the road which is picked up by the 
image pickup means M12 including a television camera, and 
compares the actual curve shape with the curve shape 
detected by the passage-State decision quantity calculating 
means M4, and the regulating means M11 regulates the 
operation of the vehicle control means M9. 
The above operation will be specifically described with 

reference to FIG. 13 which is similar to each of FIGS. 6 and 
12. In Step S21", an actual radius of curvature R of the curve 
is detected by the road Shape detecting means M13, and in 
Step S22", a reference radius of curvature Ro of the curve is 
calculated on the basis of the curve shape detected by the 
passage-State decision quantity calculating means M4. If it 
is determined in Step S23" that the vehicle has reached the 
regulating-means operation permitting position (refer to 
FIG. 3), the actual radius of curvature R is compared with 
the reference radius of curvature R in Step S25", and if 
Rs Ro, the process proceeds to Step S26". If it is determined 
in Step S26" that the actual radius of curvature R has 
decreased, it is determined that the vehicle cannot easily 
pass the curve, and in Step S27, the operation of the vehicle 
control means M9 is forcedly continued. Such forced opera 
tion of the vehicle control means M9 is continued until it is 
determined in Step S26" that the actual radius of curvature 
R has started increasing. If the actual radius of curvature R 
has started increasing from the beginning, it is determined 
that the vehicle can pass the curve with only the normal 
operation of the vehicle control means M9, and the process 
returns to Step S19. 

If RZ-Ro in Step S25" and the actual radius of curvature R 
has increased in Step S28", it is determined that the normal 
operation of the vehicle control means M9 provides exces 
sive control, and in Step S29, the operation of the vehicle 
control means M9 is inhibited or stopped. The inhibition or 
stoppage of the operation of the vehicle control means M9 
is continued until the actual radius of curvature R Starts 
decreasing in Step S28". If the actual radius of curvature R 
has started decreasing from the beginning in Step S28", it is 
determined that even if the vehicle control means M9 is 
normally operated, there is no likelihood that excessive 
control is performed, and the process returns to Step S19. 

Thus, even with the third embodiment, it is possible to 
obtain advantages and effects identical to those of the first 
and Second embodiments. 
The fourth embodiment of the present invention will be 

described. 
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Although in the third embodiment the image pickup 
means M12 and the road shape detecting means M13 are 
used to detect the State of an actual curve of a road (Such as 
a radius of curvature, an entrance or an exit of the road), the 
fourth embodiment is adapted to receive the State of Such 
actual curve from the receiving means M14 Such as a beacon 
installed in the vicinity of the road (refer to FIG. 1). The 
other construction, operation and effects are the same as 
those of the third embodiment. 

Fifth and sixth embodiments of the present invention will 
be described below. 
As shown in FIG. 14, each of the fifth and sixth embodi 

ments is provided with the receiving means M14 instead of 
the map information output means M1 and the vehicle 
position detecting means M2 of the first to fourth embodi 
ments (refer to FIG. 1). The receiving means M14 detects 
the shape of a road and a vehicle position from a radio wave 
or a beacon installed in the vicinity of the road, and the 
maximum passable Speed calculating means M5' calculates 
the maximum passable Speed Vy on the basis of the result 
of Such detection, and the predicted passing Speed calculat 
ing means M7 calculates the predicted passing Speed V. 
Accordingly, it is possible to determine whether the vehicle 
can pass the curve, by comparing the predicted passing 
Speed V with the maximum passable Speed V, in the 
passage-possible/impossible decision means M8". 
At this time, the operation of the vehicle control means 

M9 is regulated by the regulating means M11, but in the fifth 
embodiment, Such regulation is carried out on the basis of a 
Signal from the running-state detecting means M10 in a 
manner Similar to that described previously in connection 
with the first and second embodiments. In the sixth 
embodiment, the regulation is carried out on the basis of 
Signals from the image pickup means M12 and the road 
shape detecting means M13 in a manner Similar to that 
described previously in connection with the third embodi 
ment. 

Although the present invention has been described above 
in detail, various design changes can be made without 
departing from the Scope of the present invention. 

For example, although in each of the above-described 
preferred embodiments, the maximum passable speed Vy 
is calculated on the basis of the Set limit transverse accel 
eration G, it is also possible to calculate the maximum 
passable Speed Vy on the basis of the Set limit yaw rate 
YR, instead of the Set limit transverse acceleration G. 
Specifically, the maximum passable speed V, may also 
be calculated from the above equation (9) as follows: 

AS described above, in accordance with the first aspect of 
the invention, in controlling a vehicle on the basis of road 
data on a road forward of a vehicle position thereof and a 
vehicle speed thereof, at least one of the controlled variable 
and the control timing of the vehicle control means is 
regulated on the basis of a detected running State of the 
vehicle. Accordingly, any error in the road data and any error 
in the vehicle position are compensated for to execute 
appropriate vehicle control, thereby making it possible to 
reduce occurrences of uneasy feelings of improper control 
experienced by a driver. 

In accordance with the Second aspect of the invention, in 
controlling a vehicle on the basis of road data on a road 
forward of a vehicle position thereof and a vehicle Speed 
thereof, at least one of the controlled variable and the control 
timing of the vehicle control means is regulated on the basis 
of a detected road shape. Accordingly, any error in the road 
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data and any error in the vehicle position are compensated 
for to execute appropriate vehicle control, thereby making it 
possible to reduce occurrences of uneasy feelings of 
improper control experienced by a driver. 

In accordance with the third aspect of the invention, in 
controlling a vehicle on the basis of road data on a road 
forward of a vehicle position thereof and a vehicle Speed 
thereof, at least one of the controlled variable and the control 
timing of the vehicle control means is regulated on the basis 
of a received information on the road shape. Accordingly, 
any error in the road data and any error in the vehicle 
position are compensated for to execute appropriate vehicle 
control, thereby making it possible to reduce occurrences of 
uneasy feelings of improper control experienced by a driver. 

In accordance with the fourth aspect of the invention, in 
controlling a vehicle on the basis of a vehicle Speed thereof 
and information on a road shape, which information is 
provided from outside the vehicle, at least one of the 
controlled variable and the control timing of the vehicle 
control means is regulated on the basis of a detected running 
State of the vehicle. Accordingly, any error in the road data 
and any error in the vehicle position are compensated for to 
execute appropriate vehicle control, thereby making it pos 
Sible to reduce occurrences of uneasy feelings of improper 
control experienced by a driver. 

In accordance with the fifth aspect of the invention, in 
controlling a vehicle on the basis of a vehicle Speed thereof 
and information on a road shape, which information is 
provided from outside the vehicle, at least one of the 
controlled variable and the control timing of the vehicle 
control means is regulated on the basis of a detected road 
shape. Accordingly, any error in the road data and any error 
in the vehicle position are compensated for to execute 
appropriate vehicle control, thereby making it possible to 
reduce occurrences of uneasy feelings of improper control 
experienced by a driver. 

In accordance with the Sixth aspect of the invention, Since 
the running State of a vehicle is detected on the basis of a 
transverse behavior quantity of the vehicle, it is possible to 
accurately detect the running State. 

In accordance with the Seventh aspect of the invention, a 
transverse behavior quantity of a vehicle calculated on the 
basis of road data on a road forward of a vehicle position 
thereof or received information is compared with an actually 
detected transverse behavior quantity of the vehicle to 
thereby regulate at least one of the aforesaid controlled 
variable and control timing. Accordingly, it is possible to 
realize control adapted to the actual transverse behavior 
quantity of the vehicle. 

In accordance with an eighth aspect of the invention, Since 
the running State of a vehicle is detected on the basis of a 
directional change quantity of a road, it is possible to 
accurately detect the running State. 

In accordance with a ninth aspect of the invention, a 
directional change quantity of a road calculated on the basis 
of road data on a road forward of a vehicle position, or 
received information, is compared with an actually detected 
directional change quantity of the road to thereby regulate at 
least one of the aforesaid controlled variable and control 
timing. Accordingly, it is possible to realize control adapted 
to the actual directional change quantity of the road. 

In accordance with a tenth aspect of the invention, Since 
at least one of the aforesaid controlled variable and control 
timing is regulated on the basis of the distance from a 
vehicle position to a control target position on a road, it is 
possible to easily regulate the control timing. 

In accordance with an eleventh aspect of the invention, 
Since control for the vehicle is a warning to a driver, the 
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driver can be warned to carry out a Voluntary deceleration or 
a steering operation So that the vehicle positively and safely 
passes a curve. 

In accordance with a twelfth aspect of the invention, Since 
control for the vehicle is automatic vehicle control, the 
vehicle is automatically decelerated to positively and safely 
pass a curve. 

In accordance with a thirteenth aspect of the invention, 
Since control for the vehicle is automatic Steering control, 
the vehicle is automatically Steered to positively and Safely 
pass a curve. 

The Scope of the invention is indicated by the appended 
claims rather than by the foregoing discussion of presently 
preferred embodiments. 
We claim: 
1. A vehicle control apparatus comprising: 
map information output means for outputting map infor 

mation containing road data; 
Vehicle position detecting means for detecting a vehicle 

position on a map; 
Vehicle Speed detecting means for detecting a vehicle 

Speed; 
Vehicle control means for controlling a vehicle based on 

the road data on a road forward of the vehicle position 
and the detected vehicle Speed; 

running-State detecting means for detecting a running 
state of the vehicle; and 

regulating means for regulating at least one of a controlled 
variable and a control timing of Said vehicle control 
means based on the detected running State of the 
vehicle. 

2. A vehicle control apparatus according to claim 1, 
wherein the running State of the vehicle is detected based on 
a transverse behavior quantity of the vehicle. 

3. A vehicle control apparatus according to claim 2, 
wherein Said regulating means compares a reference trans 
verse behavior quantity of the vehicle, which is calculated 
based on the road data on the road forward of the vehicle 
position, with a detected transverse behavior quantity of the 
vehicle to thereby regulate at least one of the controlled 
variable and the control timing. 

4. A vehicle control apparatus according to claim 1, 
wherein the running State of the vehicle is detected based on 
a directional change quantity of the road. 

5. A vehicle control apparatus according to claim 4, 
wherein Said regulating means compares a reference direc 
tional change quantity of the road, which is calculated based 
on the road data on the road forward of the vehicle position, 
with a detected directional change quantity of the vehicle to 
thereby regulate at least one of the controlled variable and 
the control timing. 

6. A vehicle control apparatus according to claim 1, 
wherein Said regulating means regulates at least one of the 
controlled variable and the control timing additionally based 
on a distance from the vehicle position to a control target 
position on the road. 

7. A vehicle control apparatus according to claim 1, 
wherein Said control means controls the vehicle by provid 
ing a warning to a driver. 

8. A vehicle control apparatus according to claim 1, 
wherein Said control means controls the vehicle by effecting 
automatic vehicle control. 

9. A vehicle control apparatus according to claim 1, 
wherein Said control means controls the vehicle by effecting 
automatic Steering control. 

10. A vehicle control apparatus according to claim 1, 
further including: 
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image pickup means for picking up an image of the road 

forward of the vehicle; and 
road Shape detecting means for detecting a road shape 

based on the image of the road; 
Said regulating means regulates at least one of Said 

controlled variable and the control timing of Said 
vehicle control means further based on the detected 
road shape. 

11. A vehicle control apparatus according to claim 1, 
further including: 

receiving means for receiving information on a road 
shape, which information is provided from outside the 
Vehicle; and 

Said regulating means regulates at least one of Said 
controlled variable and the control timing of Said 
vehicle control means further based on the received 
information on road Shape. 

12. A vehicle control apparatus comprising: 
map information output means for outputting map infor 

mation containing road data; 
vehicle position detecting means for detecting a vehicle 

position on a map; 
vehicle Speed detecting means for detecting a vehicle 

Speed; 
vehicle control means for controlling a vehicle based on 

the road data on a road forward of the vehicle position 
and the detected vehicle Speed; 

image pickup means for picking up an image of the road 
forward of the vehicle; 

road shape detecting means for detecting a road shape 
based on the image of the road; and 

regulating means for regulating at least one of a controlled 
Variable and a control timing of Said vehicle control 
means based on the detected road shape. 

13. A vehicle control apparatus according to claim 12, 
wherein Said regulating means regulates at least one of the 
controlled variable and the control timing additionally based 
on a distance from the vehicle position to a control target 
position on the road. 

14. A vehicle control apparatus comprising: 
map information output means for outputting map infor 

mation containing road data; 
vehicle position detecting means for detecting a vehicle 

position on a map; 
vehicle Speed detecting means for detecting a vehicle 

Speed; 
vehicle control means for controlling a vehicle based on 

the road data on a road forward of the vehicle position 
and the detected vehicle Speed; 

receiving means for receiving information on a road 
shape, which information is provided from outside the 
Vehicle; and 

regulating means for regulating at least one of a controlled 
Variable and a control timing of Said vehicle control 
means based on the received information on the road 
shape. 

15. A vehicle control apparatus according to claim 14, 
wherein Said regulating means regulates at least one of the 
controlled variable and the control timing additionally based 
on a distance from the vehicle position to a control target 
position on the road. 

16. A vehicle control apparatus comprising: 
receiving means for receiving information on a road 

shape, which information is provided from outside a 
vehicle; 
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Vehicle Speed detecting means for detecting a vehicle 
Speed; 

Vehicle control means for controlling the vehicle based on 
the received information and the detected vehicle 
Speed; 

running-State detecting means for detecting a running 
state of the vehicle; and 

regulating means for regulating at least one of a controlled 
variable and a control timing of Said vehicle control 
means based on the detected running State of the 
vehicle. 

17. A vehicle control apparatus according to claim 16, 
wherein the running State of the vehicle is detected based on 
a transverse behavior quantity of the vehicle. 

18. A vehicle control apparatus according to claim 17, 
wherein Said regulating means compares a reference trans 
verse behavior quantity of the vehicle, which is calculated 
based on the received information, with a detected trans 
verse behavior quantity of the vehicle to thereby regulate at 
least one of the controlled variable and the control timing. 

19. A vehicle control apparatus according to claim 16, 
wherein the running State of the vehicle is detected based on 
a directional change quantity of the road. 

20. A vehicle control apparatus according to claim 19, 
wherein Said regulating means compares a reference direc 
tional change quantity of the road, which is calculated based 
on the received information, with a detected directional 
change quantity of the vehicle to thereby regulate at least 
one of the controlled variable and the control timing. 
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21. A vehicle control apparatus according to claim 16, 

wherein Said regulating means regulates at least one of the 
controlled variable and the control timing additionally based 
on a distance from the vehicle position to a control target 
position on the road. 

22. A vehicle control apparatus comprising: 
receiving means for receiving information on a road 

shape, which information is provided from outside a 
vehicle; 

vehicle Speed detecting means for detecting a vehicle 
Speed; 

vehicle control means for controlling the vehicle based on 
the received information and the detected vehicle 
Speed; 

image pickup means for picking up an image of a road 
forward of the vehicle; 

road shape detecting means for detecting a road shape 
based on the image of the road; and 

regulating means for regulating at least one of a controlled 
Variable and a control timing of Said vehicle control 
means based on the detected road shape. 

23. A vehicle control apparatus according to claim 22, 
wherein Said regulating means regulates at least one of the 
controlled variable and the control timing additionally based 
on a distance from the vehicle position to a control target 
position on the road. 
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